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Abstract

This study was the designing of a prototype reactor to produce a superior quality
chitosan from prawn shells and squid pens which were by-products of frozen food factories. The
chitosan produced could be used as a raw material for medical use with lower production cost and
the waste produced was more environmental friendly. The study started with a laboratory
experiment to achieve the most appropriate method to design a prototype reactor with a production
capacity of 30 litres. Prawn shells were decalcification using hydrochloric acid at 1 M (using ratio
15:190 weight:volume) and the next process was deproteinized using potassium hydroxide at 1 M
(using ratio 1:13 weight:volume). The chitin was continued to deacetylation process using potassium
hydroxide at 50% (using ratio 1:15 weight:volume). Squid pens were processed using the same
method but without decalcification. Percent yields from a prototype reactor from prawn shells and
squid pens were 15.8 and 22.0 respectively. The total reaction time to produce 1 kilogram of
chitosan was 15 hours. The quality of chitosan produced was acceptable for medical use. The
average molecular weights of chitosan from prawn shells and squid pens were 2.33x10" and
5.07x10° daltons, degree of deacetylation were 98.5 and 96.7 %, heavy metals such as nickel (Ni)
were 2.91 and 5.89 milligrams per kilogram ; chromium (Cr) were 13.88 and 12.90 milligrams per
kilogram respectively. The market selling price of the chitosan was estimated at 1,600 Baht per
kilogram. The unit variable cost was 350 Bath per kilogram of chitosan. Residual chemical from
deproteinization and deacetylation after neutralization consisted of 0.42, 3.23, 2.15 and 0.03, 6.26,
3.33 grams of nitrogen, phosphorus and potassium in 100 milliliters respectively. Therefore, the

residuals could be sold or used as chemical liquid fertilizer.
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The prototype reactor was designed and constructed with a production capacity of
30 litres per batch. After the experiments were carried out using the reactor, the feasibility study was
conducted under certain assumptions. The capital investment of the reactor was 370,000 Baht. The
net present value (NPV) was 2,261,877 Baht. The internal rate of return (IRR) was 217 % which
was much higher than the minimum attractive rate of return (MARR) which was estimated at 25 %
(Interest rate 15 % plus inflation rate 5 % plus risk 10%). Payback period was about 6 months. From
the analysis, it could be concluded that there was a very high possibility to produce a medical-grade

chitosan from prawn shells and squid pens at industrial scale.
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#2104 Tagou lainseusialilszaninmmsdidallsdulndifesdu naadusn laaud

USaTlsaumae 5 weosiFud

. o 1 =S d' 1 o w 1 9
Broussignac (1968) ﬂ?ﬂWﬁﬂ@ﬂIﬂi@ufﬂ'lﬂﬂigﬂﬂﬁ‘]Jj NHIUNTINTVALLT IR

9 4 . . . d‘ 1Y =S [l ana 1Y 9 a
aretou 193] papain pepsin trypsin tiotlosnumsgadenjozFaa uatAesmanan lalaau
o w = ] Ao w 1 Y Yy 9 J < ¢ A
ﬂ"lﬁﬂ'I’i]ﬂI‘]Jiﬁl‘L!ﬂ$L!,“D'ﬂ'i3@1’6\‘]‘]J“°I/1ﬂ'lﬁ]ﬂlli‘ﬁ'lﬂﬂﬁ’ﬂﬂﬁ"lﬁﬁ%ﬁ"lﬂ NaOH 1UuUu 5 tfosiua

a ~ < N Y Yy Jdequa
qmﬁ{]m 90 DA ALY Lﬂul')ﬁ1 40 4N Llﬁ')a’]\iu'lﬁlﬁlﬂuﬂa']\i

[ J Y

ANTINY LUYINA (2533) ﬁw%ﬂiﬂﬁﬁuﬁ’wmmzmﬂ NaOH mmmﬁ’mu 2

L) 3 q

'
a I Y

P-4 ~ I o Yo ' A
Lﬂ@i!ﬂ)’u@ (0.5 M) ‘VIQﬂ!Wﬂll VRN RS GIS TG L‘]JL!L’J@"I 1 6153111\1 1%@@515$W313!ﬂﬁ8ﬂﬂ‘\‘1&m$

Y

Y
T13aZa1gA N 1:10 (ﬂ”mﬁﬂ:ﬂiﬂ"l@ﬁ)

Chandumpai et al. (2004) f13aT1sAuvnn)aenie uaz Sornprasit (1997) f1ia

a =

< 3 o
TisAuninnszavetamiind1s 1M NaOH  Nigungil 50 esruasardod 1iunan 5 42 Tua

£

Y o [ 1 A Y A = U [ 3’ Ly
(1"]5615]5'IE‘T’J‘LH$‘Vi’JNL‘]JE]E]ﬂQQ‘Vii?JﬂiZﬂ@Q‘]JﬁTHlIﬂLLa$ﬁ15ﬁ$ﬁ18ﬂNl‘ﬂ1ﬂ‘U 1:13 (U1viun:

Y
U51103) udrdrahIfidunans wunldleaduaszanm 36 wosiFud
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2.1.3.3 mae3eallalaaiu

A 4 ) oA a 9 1 aa =
1Woevnmsueud i 2 vosladuilszneualenguosdaatoiiy
aa o o 4 I ¥ o & 9y o v ' aa
(-NHCOCH,) Tagezdaasunueiiu tielid ldas lalaanuduiludesidanyesFaaeen
dyd 1 & ax A o Y ) a o Aaaa
(-COCH,) N3 1IUMIHEeNI deacetylation I35 maaiinh laTasnisiirlaauliiilgase

a

AuE13aza10 NaOH ANududiu 40-45 wlos1idud (10-12.5 M) gaungiige (amsiand ruayana

U

,2533)
2.2 M3l lalaanulumaemsunng

3 1 a va 1
wami‘w@ammﬂwa1ﬂﬂmmaﬂﬂﬁ’mmﬂmmmz"lﬂimmuﬁﬁmﬁuumﬂ

. va yy )
MIFUIULND (wound healing) Balassa (18 Prudden (1978) maauﬂmaummﬂwmwﬂﬂ
UHANIAADUAIY regenerated chitin - 91A1A0NATOUIIVOININ crustacean 130910 fungal
. ' yg 2 . yad 1 A qu 2
mycelia AsITIMsauIuuEa Ta5231 Maleti tagKuma (2000) saaa liviu el lyud

Ay A g Vo yA v o Y s &
naoudaelalasnuieduunarmdadudon lugivi 1 dunamens

namsnageulunynaasanyNAlededsazate lalasunnalaeniaz

= 1 q YA I va & o 1 Aa
nszaovlamiin musnsaldideannmsnzidwdoaiiavgalvalais13u dred1and
Uszaninmgegadosazaremssunnidondennududu 4 Jadnsuiiadans Fuseld

A PR d?’ o A v
La@ﬂﬁﬁﬂqﬁaqﬂﬁ?mu 52% (UUN VUIYINY, 2544)

0 < a o
laTagugminnlfdumsandiuudsunaosaneioa (serum cholesterol)
[ [ 3 a 7 [ v o o A Aa o an
Iﬂfﬂ%} 3-8 NTU/AY a2 91ad ﬁ"liﬂﬁﬂﬁﬂﬁ\i’ﬂfﬂ\‘]ﬁﬂﬂﬁ?ﬂiy 177-188 HAANITN/IABANT
] Y
aaMm Al UBIvBILNATNAINNITARLYD Staphylococcus aureus (Koide, 1998) ATINUNA
z:‘? [ A d‘ a d'Q v 1 (=) a dy
NAADIVDY Stone et al. (2000) C]N‘Vlﬂﬁ@llﬂUEj‘]JTJEWILﬂﬂLLNaTIN’JWHQ WU?TLLWﬁulﬂﬂﬂWi@]ﬂlslﬂ’)
1" Aa I A Aa o Aa aa s I 4 Aaa
uazhlmﬂmammmﬂu "lﬂimcmu 2 yaansu/uaaang (11.! 0.2 BIGHEAT NINBSHAN
= 9 J . A . . &
Nﬂ?ﬁJﬁTNTiﬂ%ﬂuﬂ"liﬂgﬂﬂ”lflﬂigf]ﬂ (osteogenesis) Lﬂﬂﬂﬂﬁﬂﬂiuﬁﬁﬂﬂﬂﬂﬁﬂﬂ (in vitro) NU

Ay ¥
stem cell Vlhlﬂmﬂﬂgﬂﬂaﬂﬂ
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dycu = 9 A [ A Y 9 9 d? [}
wonntoelinmslFarsounylalaswweldns Idaundedu iwu ns
[ Y Y
w3onlaTagunazaroi1]d (water-soluble  chitosan) ta3eu1n la TagrutiminTuana
T4 o o ' . o {
2.0x10° ,DD 90 1)o51dua Waniueas heparin 11 1¥oglugilaiy (ointment) 1ldunad
a Y] " Aa 3 4 1

Aianynaaod luasesunaiilu (Kweona et al, 2003) wourulalaau (chitosan based
A o J 5 Y sa
membranes) NA3oNNMIHAY IaTaguimiinluana 1.45 x10° @1aAw, DD 85 11los15ud

g . . Y g 1A 1 9
1 acrylic acid tia 2-hydroxyethyl methacrylate Iilutiutauna wunawnsoldluszuy

1 . Y I 4 .
MSYUEIE (drug delivery system) JAd (Santos et al., 2006) ba Taw1uluTnasn1551003 (chitosan
. . A~ 3} Y 5 Y S 2 4 1
microcarriers) a3ou10 Ia Taauiimiin Tuana 4.8x10° a1adu , DD 90 wlosigud Wy
Y o Y v 4 . e [ a 1 < ..
aunsannu ldnuad (biocompatibility) waz lillunvaead (cytotoxicity) (Chen el al.,
Y

v @ a <

2006) Hexa-N-acetylchitohexaose @& chitohexaose @INITNYVYINTT Li]iillu"llﬂ\mmi\‘]vlﬁ) 85
S 3 4 J 2 S A A Yy 9 A o a A a o A o

osisua tag 93 osiua oA Idutoad VeI YNAadlTu 100 Jaaniu/mnlaniu/

U (Koide, 1998)
2.3 mawanlalasiuluandasy

= a = 9 =< a dy
fﬂimﬁEJlIUlﬂﬁulm$ulﬂI@“]J’"I‘L!ﬂ1ﬂlﬂaﬂﬂﬂﬂllagﬂigﬂﬂﬂﬂa"milﬂﬁlufﬂﬁWaﬂufﬂg
o A = o . A a o o a A
mmumimmm’;zﬂLmzuﬂﬂﬂ Chandumpai et al. (2004) mmmﬂwammm”lmu ”lﬂIW]ﬂu‘VI
laierhuiinmsnaaeunuantianensvinaen msauiuura uazanulasaiolunis

1119 Tae uaien $155ny (2544) nuheunsorh T 15 umamsunnd1d

=2 o Y A a A )
namsanyInulasadsuesns 1y lalnsuindanwannzinuziihlae
. v o = Y 9Ja o
Chandumpai et al. (2004) nudainaass lagmsaamsazatelalaanudrladmisveany
1 dy di 1 4 ] [] 9 = d' 1 o Y
naaeany ewevziassou lmisenudesaarsedisduazgngaduluigalas liii1d
a Y 1 1 = 2‘ v o o a o
vynaaeunao1ms 14 uaz lulinademsnlasunauimings wam SuSysny, 2544)

a

o (% 4 = 9 a
M SUTYINY (2544) Anwwavesnslgarsazate’laau lalaguain

nlaendaaznszassdamiinaemsauuunaitianMIHIAALTNUNAIIeIH YA 199N oIaY
g o < o> g } o

Y21 AU 3 Tuurazivuadnal MnluLHaIzAnazInauazgaeen lilonsy 10 Ju

HAZHAINMITHIGA 21 Ju wuNhnurasoudaduatn Taglalasiuannszaosdaimin

Tugmsiiazarolu 1 wlesifud nsmezdan minnszasslamiinlugdailuinazaiolu 0.9
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L 4 = Aa a [ a aA o o =&
nlesiFud NaCl viszandmmlumsduasumsauuunadiga 1azsodadn) Muany &9

§ -4 -4 Aa g v ' '
uwan 1% 0.9 os1Fud Nacl, 1 nlesisud nsaezddn vazunan luldarslaluianuuanais
] o tﬂy Ay a A = A A d A YRR~ o
A anyazMatodeIneNLIUendIMsaHINaNan e Aoaaau liues s eediluiia
% 1 3 . . I Y v A @ aa 1 o LY o
Farnund1 uaz lu¥u epidermis tsaaiaNuUIndReanuAIialnan lismsidanaz

' J a '
NUYAR lymphocyte L1A¢ macrophage HTunattesni

a { o . o Y
MINTANIEMINANTILULINIAY Chandumpai et al. (2004) 11 1¥M130ANDL
nIesdunuUnan ln Tasuazdelinuansazdifgie annsaniunauszniingauiy
o aaa Y {qQ Yo o o 9 a 1 @
aAsazalenanszezMINIlgnN e Taanleididezasamugunugigaasnuaensng

' 1 Yy 9 a I
NIDUUDINTALUASANIUVNUU ﬁ‘]éﬂﬂ')'ﬂﬂﬂﬂﬁ’] UMY Lmzmmrsﬂumimu

A4 o
24 gﬂ!!UU!ﬂiﬂx‘l%ﬂ’iﬂﬁ

A

I Y

I13099N3A9 TanYAULMIMNNUNUAnA 19N M a1ee19d BT LMo AL
A Y AAy Y} o 7 A o 2 o W o !
[BITUTIQUUINNADINITITADIDIFBIN AN NITRBNUVULATBITNI Nt uiladendan 1y
A o A < < ' Y & o o Yy = A
1AT9IININANUANVUUILIT WA ANUUTIUNTIVOI 1A T UT U AYITADIANHUTOINT
= o A 1 Qy 1 Y 9 o I a A o A Aa 1 [
@enuazivuavHIalumsFouaeFUa UM D UNIAY 1ATEIINTNaFHANTNMTHIRD
o w 1 a 4 A i ] 4 <
AdsiununyuIzAssinsa T siaiadsiu Tumudanunes anusisounazms
M A 1 Y] A 3 o W A 1Y A o A
dutiesninau luaugavesingivyuiluddy inFesinsnafinunuuazdundouaIl
Y Y o A A [ ° 4 ] A o a
FuN1Ins Ianud Ry TeINsaenanyueNMIMINULAzglnIaing 1938 15993NINATHA
Ao & ¥ A s o v £ g o A A Yy o
niufludesiiginssitlosiunisiduiumsiinuimnerdessuveslva mseenuuuiees
wdsseonuuuliszuvamITonUABANAY guugiguazmInanseuveve lvan ldau

18 Q1594 yaydruaeinen, 2544)

' A a A o A A o a Y
i]$W‘]J'J'ILﬂ5ENNa@]]lﬂjﬁclf'luﬂﬂilﬂulﬂi'ﬂ\?i]ﬂﬁﬂ'ﬁ“l/]llﬂ'liw'ﬁﬂ?@]il@'ﬂﬂ']ﬂel@

a aaa = J @ L4 o < [ A
ﬁﬂ13$ﬂ'lilﬂﬂﬂ§]ﬂﬁﬂ1 TﬂEIZJQ‘]Jﬂﬁﬁlﬁi?ﬂ')ﬂllﬁgf;ﬂﬂﬁﬂ!ﬂﬂﬂﬂﬂﬂTﬁ‘VINTL! WUANHUSVDIAT O

a IR A o J @ dy
‘]J;]ﬂiﬂ!“])’\iiJE”]JLL‘U‘]JﬂﬁTHﬂULL‘U‘UG]NG] ANU
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2.4.1 Uszianveaun3eslfnsai (type of reactors)

o

a 4 a 1 1 Y o A a L
3594 YD IUIYING (2544) ﬂﬁn’)ﬂﬂﬂﬁﬂiﬂﬁ%%‘l1uﬂlﬂﬂlﬂﬁﬂﬂﬂ§]ﬂim1u

a 4 a 4 v o
QG]ﬁ?ﬂﬂiihlﬂﬁﬁﬂ?ﬂﬂWﬂﬂﬁ1ﬂ‘]ﬂuﬂ mmmuﬁmﬂizmmﬂ?mﬂgﬂim@maﬂymzmimqm

] I~ 1 4 4
uusoenilu HuUNE (batch) uuy lvanolilo (continuous) paguUauun s (fed batch)

2.4.1.1 MIMOUUVVUN (batch operation)
o aaa a’/‘ 9 A a c’ay FI Y A aaa
msilgseanuagnilewdtlylunTeslfnssineg Anou ndnsualgasen
A < Qy Aaaa ~ ) <KX o o Aaan Ao A L] a % o,
Weoiadulgnssaunamsmuavahmssay (asinlgasenduvaseduaspanna)

ponnnnTodlfnsal Taesiali1diaTestfnsaiuuudeniu daaaslunwilseney 2-4

\wﬁmmiﬁm@ﬁ?m A,Bf
| m
— pr— i — pr— .

|
|
|
|
|
|
|

I
[
I
[
I
[
I
[
I
[

svuuila Sufel§Azo |

+ + m

’

yasuhilgnsen adugalsn

Houmifazn

o 4 a 4 1 [
ﬂTW‘]JiZﬂfJ‘]J 2-4 mi‘vmmeumm?mﬂgﬂimuumﬂummmmm
2.4.1.2 mymauuylvaneiies (continuous operation)

o Aaaa 9y ~ 9 A a d 1 A a o s Y
f‘ﬁi‘VI1‘]JQﬂiEJ"I‘]Q_‘IE’JHLGUTVWINL“IITLﬂiﬂQﬂgﬂiﬂ!’ﬂﬂN@ImH@Q Na@mmmw“lﬂ"lwa
9 9

{ 7 4 a o [ 1 v
20NUINNODN amgmzﬁumm%aﬂgﬂimuuuﬁﬁmuuummuuammum”lwa aataaalu

Mnlsenou 2-5
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isealfnsnfuuvielug witaeFnsafuundanan
fANAR 20NAR

o 4 a 4 1 4 J
AMYsznou 2-5 mi‘vmmeumm?mﬂgﬂﬁml,l,ummﬁawmgmum'lwa

HAZHDUAINIUGANA

2413 mImauuulauuny (fed-batch  operation) %30 (¥NULUNY

(semi-batch operation)

9 1 ]
ﬁﬁﬂymzm'iﬁnmﬁﬁﬁzmmmunzuamummﬁm ﬂﬁ??ﬁ’ﬂ GREEIR!

v =

UfATedmila fowdh llunTeslfnsaineu udrvetlouasihilfnsondndanitad a1y
A

a 4

1 A A 3| [
mi@dﬂgﬂimtmm}mum Wi@ﬁaurﬂmzﬂm ﬂﬂllﬁﬂﬂiuﬂTWﬂﬁgﬂﬂﬂ 2-6

]' _!f(\_ _f(\_

o e A A (ass
Badamis ozl fison
Mdadutiuey |

¥ ;

yaisutiso aiugalfin

o & '
dmilailourian

| — _ —
|
: - —
— —

— B —

— ) _— -
|
| .

HoumsAnlfase | uhafafleussfil gt | k’ wanfun

[

\j

o A a o o 1 '
ﬂ']'W‘]Jigﬂ@ll 2-6 ﬂ']'i‘VlN']U“’Uf’NLﬂﬁ@\Tﬂaﬂiﬂ!L!Uﬂlﬂﬂllﬂﬂ‘ﬂiu%?ﬂnﬁWTN"]
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™ { a a o J o @
Taena 1 Ts9ugaaivnssuidosmsnaanandaaidusuavuuing dnld
A a 4 1 A A Aaan A a d? [ o o Y
nFevlgnssinuy Inaderiios iesninigasonimnavuegluaniuzaid (steady state) 1119
o v a o s o ycu [ QaJJ 1
msauquai ladie naadunin ldlguamaitaue wennniidirisaaduaounmsniem
o aan 4 a 4 & o [ 1 ]
msinlgnseudi-eonnninTeslnsal dsdesilunsdluvunzesnldld Jalseudanildie
Aunsanu lunuasanudy gaanIsuuIelsgn U gaaMnssuRane Usmumsnan
= ' A a A A a 7 =2 o A J
1l luvasigidavesniuin wieslnsainminzaniuunuvnzuiounumlanund
Y dy a ad A 9 [ a ] Y] (B 4‘ a 4 1 4'
uazliFogaunsdnertesnumsnan wu nsvdn Tiaesnumiovlniainunlvaneiiio
[ A = o Y di} a ad v = o
INI1ETLOLIAVOININNUNGIIUIN Teai IiiFegaunsdnarewug vaziilywring
1 5 Y o S 1 4 a 4 o a
Yudloudstloanuldendinuiluszeznauuuuudeiiios G150 Yy uieIne, 2544)
v o A 9 a = o g A a ¢ A 99 Yy
asiuniesdnuuuunan laTaesudenrsianvaziiliuniowuljnssivuunzive ldanududu
Aq ¥ a A A @ a Y o aaa 9
yoamrsazaref 1Flumsndalianuaei uaziagavawisonruauliiilgaser ldaiwu

Ao & ' ' A Ay v < A
JLYLLIAINNIHUA G]N%zmwam’e‘Jﬂamﬂwmmﬂmmwmaﬂﬂiﬁmuw”lﬂ UDNIINULATON

a 4 d‘ =1 d o (% d! = =) [ dy
UnsaluvunznesnuuunIsiglnsal M umMINIuFINsazdeaaall
d
2.4.2 YszomuesginsaimsnIumay

o " ' Y Y o o & o
FUNT W WNQY (2549) NANNIMIHANVY laanareiuiniuii 1y lu
NIZUIUMIHANTTATLAZYATINNTTUIUNDNUINNIY 1FU HAADIMIT T TaTiRen HaAwT HAA
o W g’ = 1< Y =& I Y o ax ax M Aq YA
nszay nszuumsihtaiude udu Famsnauniiarenunaieds Taedsnmsn lunldnae
[ A o § a J
16 9nune (mixing tank) TAgN150BNLUUIZABUTNINMI IFUANHUFIUNIINGIMIAAS

4 [ 1 o 1Y a qu {a [
Tumsdszgnavedluniumeay tazssuudInua g dmsumMsaaaslununaafumaIvyu

=

Yo Aa A dy v [ = = 1
Vlel,qmmmhlwamummwu@ HUUWHTTUUDIDINIUNTULUASDINIUY 30U I@ﬂhgﬂi%‘]

anvazaaaadlunmnilsznoy 2-7 9 2-9
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Vertical,
| | [\/ (Flat Baffle

— Flat Bottom

\l

—~ — Dish Bottom

9
amilsgneu 2-7 5\1&Lﬁ$ﬂ§@ﬂ’JLlNﬁiJ!L‘]J‘]JLLU’Jﬁ\W]iQﬂiZ‘Uﬂﬂ (vertical, cylindrical vessel)

AMmlsgneu 2-8 dutazganunauuLAaoud1o 1§ (portable)
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Mwsenou 2-9 fhu,am;@muwﬁmmumuﬁ’meﬁlnﬁ’q (side-entering mixers)

2.4.3 HULINATFIUVDUATOINIUNAN

Y

4 Y a @ @
m?m@mmuwaﬁblﬂimmmmiﬁmuazG};ﬂmuNammuummmqmmaﬂ
4 o o v ' L 4
(vertical, cylindrical vessel) fﬁaﬁLm’ummgmmwuﬂaﬂmummeumqﬂﬂimclum?mmuwﬁu

(Vincent, 1967) aauaadlunimisenen 2-10

nmilseney 2-10 LLUUNT@?@TUﬁﬂﬂ’JHWﬁN
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Tagfi
PAFUATUFUINAUITINIUNEY - T
yaduriugudnatsvesluiia (D) - T3
anuguestiflanioludumslva (2) =T
srazriavealuiannduds () = T/3
ANNANVBINUDITAY (B) - T/I12
anunhaveniidanseludumslua a) = 112

2.5 YUADUNITDONULIL

Q(g 4 o 1 1 9 A [ 9 =
BNNINTU HASHITY DUANU (2541) NANINNMITEITNATDIINTNAILADIN

2 g ~ Y o = = = ' A o ~

G]NL“]Juﬂi3U’Juﬂ1i‘VIi]ZG]E]\‘Iﬂ’]HQENiWEJﬁ&@EJ@G]N@]ﬂlﬂﬁlﬂiﬁlﬂfﬂﬂﬁﬂa‘ﬂfﬂg

13ND

NITUIUNTDDINLUL

Y ] o Y dy a = o Y Ao dyw
AINW WU NMHUANHUINWUI U ‘Wﬁ]'lim1ﬂ\1ﬂﬁhlﬂﬂ1i‘ﬂNW“L!ngIﬂi\iﬁi'l\W]inlﬂu UDNITNUN

a3

Y o = 49/ @ Ay v A Ay
ﬂ@QﬂTﬂu@zﬂﬂi\ji']ﬂaglaﬂﬂwuﬁ’]u UYUIA 'Jﬁﬂ Naﬂhlﬂi]']ﬂﬂ’lﬁaﬂﬂllﬂﬂﬂa UUUINANNIDU

4

o o 9 A Ay a ' ' vy o o A
AIHIUNITEHIN Iﬂﬂtﬁ‘ﬂ@]EN‘Wf’tﬂimiﬂBuﬂﬁ’ﬂ@ﬂl,!,‘]J‘]Jl,!,‘]N]lﬂ!,ﬂuGUuG]?Juﬂﬂu

2.5.1 5u3ANNARINS

A v dgl Aa Yo 9 Y v A A o
ﬂTiﬁ)’fJﬂ!L‘U‘Ulﬁllﬂu"Uu%WﬂﬂTﬁ‘ﬂ'Jﬁ')ﬂ'ihlﬂ3‘U3ﬂ'NlJG]E)\?ﬂTiLLﬁgﬂﬂﬁusl%‘ﬂ%g‘ﬂW

U

Y o a

A 1 A Yo 9 Y A A o dq Y v
ﬂzhliUNﬁQ‘UNfJEINGUH Wﬁf]f]']El]hlﬂ'i‘]Jm@ﬁ;Jja%']ﬂQﬂﬂ']ﬂlﬂﬂjmﬂ\‘]ﬂUWﬁﬁﬂﬂ!msluﬂ']Uﬂ']ﬁcl%q']u

a o J < v v Yy dy 4 Y Y a
l!ﬁ%ﬂﬂ!ﬂ?Wﬂl@ﬁWﬁ@]ﬂﬂ!"l’lﬁﬂﬁ]L‘]JuLl'ﬁ\iWaﬂﬂuGlWNﬂWi@ﬂﬂLLU‘U"Uullﬂ NITLUNVUNUNNATUTIND

o a J 4 ]
UASYATINNITTY ﬂ11ﬁlﬂﬂﬂ'§1ﬂ$§ljﬂ\1ﬂWiGlUﬂWiﬂ@ﬂLLUUQﬂﬂiﬂ! NITUIUNTT uamﬂ?mﬂaiwm

v
a

o v A W v Y1 a ] 42 9 qu Y AA 1o ¥
ﬁ\iﬁ’]ﬂﬂgﬂﬂ@@]@ﬂﬂﬂﬂ\l3U§31Lﬂﬂﬂ31u@@\1ﬂ1§ﬂluuﬁ3 Glcl)'ﬂigﬁ"]_lﬂ’]ﬁﬂlWUﬁﬁluwuﬂgVHﬂjﬁlulmﬁlﬁlfﬂ

Y] 9 c?/’ Y 9
AuaNuaean sy lviaoaun
2.5.2 aNHMSIUWIL
- 2 4 g A 4 A . uya
FIUTIWTWazDaveIdIideanisoonuuyldunigaminazila ¥9019

Usznovulidae quanyuez vina 5101 Sauidesmsnan 91gms 199 gaingiildau uay

L ' a A ) 2 ] vy o 2 " Aa 4
ﬁwmmmwﬂmﬂaﬂuuﬂm"lﬂmq U UIVUD VUIAA W) NIDUMNU WNAIU WY INNNAYU
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1HPINININMTOONLUY U NITUITMINAN ANUTIUIYVDITN HAZMSUITUN A IUAA1A
&y Y ¢ y J v o &
Wudu myvenuvunuullszmndesiimmnud s vide loi myuzanuau nsuiu

Y =2 o'ogzl Y 2 A o o 1 A 9 o Aa vAa
ﬂzﬂeqﬁﬂmmmmuuclwmmmmmﬂtymmmﬂumamismmazﬂgmmu
= 2
2.5.3 AinpIS8asean

A Y o ) 1 9 3 1 A K = o’j dyd A

e ldanyuz s umzaequarvude liinednyswaziven Matinionenies
< A A [ Y a =1 A Y 3 ) a y g
dadenenne lninaAAEMIENTEANNANIKMAY NINAWNATALASAIUIATHIATAS

a {o a % I a {1 '
Taelnaudagnsurareulumsanuiseazideainaziluisnsidiuaueenuuuundiod1s
= 9 Y a Al I [l a2 Yad A 9 o Ya a
N TANUINNAIRINIsINMaasaiueded J3smstaenlyiag J35MsnantazaIy
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4.3.1.2 M3MMNANN30UIALNISI (heat transfer by convection)
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Item No. 38MI Description Material
1 Reactor Tank 30 Liters Stainless Steel
2 Cap U5 mm Stainless Steel
3 Controller Box Motor, Heater, Time Stainless Steel
4 Motor Y2 HPs Inverter -
5 Safety Valve 2 Bars -
6 Thermocouple - -
7 Pressure Gage 7 Bars -
8 Insulation U1 100 mm Glass Fiber
9 Ball Valve 60 mm Stainless Steel
10 Base Reactor Tank C-channel Steel
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Amilseaeu 4-4 uaasauilseneumeluveanTesdunuunan IaTaawu (exploded drawing)
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(exploded drawing)
Item No. 38MI Description Material

1 Handle 100 mm Stainless Steel
2 Bearing ¢ 30 mm Stainless Steel
3 Shaft 610 mm , @ 25 mm Stainless Steel
4 Propeller 100 mm Stainless Steel
5 Thermocouple 515 mm -

6 fisearh @300 mm -

7 Reactor Tank 0 300 mm, 390 mm Stainless Steel
8 Heater Thin 5 mm, 100 mm Stainless Steel
9 V109 40 mm Stainless Steel
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Paired T-Test and CI: Protein (NaOH), Protein (KOH)

Paired T for Protein (NaOH) vs Protein (KOH)

N Mean StDev SE Mean
NaOH 3 15.0227 0.2144 0.1238
KOH 3 14.9093 0.1126 0.0650
Difference 3 -0.113353 0.258039 0.148979

95% CI for mean difference: (-0.754357, 0.527650)

T-Test of mean difference = 0 (vs not = 0): T-Value =-0.76 P-Value =0.526
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